Abstract This paper describes the efforts of our Inter-Disciplinary Scientist (IDS) team to (a) establish the large-scale context for reconnection diffusion region encounters by MMS at the magnetopause and in the magnetotail, including the distinction between X-line and O-line encounters, that would help the identification of diffusion regions in spacecraft data, and (b) devise possible strategies that can be used by MMS to capture and transmit burst data associated with diffusion region candidates. At the magnetopause we suggest the strategy of transmitting burst data from all magnetopause crossings so that no magnetopause reconnection diffusion regions encountered by the spacecraft will be missed. The strategy is made possible by the MMS mass memory and downlink budget. In the magnetotail, it is estimated that MMS will be able to transmit burst data for all diffusion regions, all reconnection jet fronts (a.k.a. dipolarization fronts) and separatrix encounters, but less than 50 % of reconnection exhausts encountered by the spacecraft. We also discuss automated burst trigger schemes that could capture various reconnection-related phenomena. The identification of candidate diffusion region encounters by the burst trigger schemes will be verified and improved by a Scientist-In-The-Loop (SITL). With the knowledge of the properties of the region surrounding the diffusion region and the combination of automated burst triggers and further optimization by the SITL, MMS should be able to capture most diffusion regions it encounters.
Introduction
The primary objective of the MMS mission is to explore and understand the fundamental plasma physics of magnetic reconnection, with emphasis on kinetic plasma processes in the diffusion region that are responsible for collisionless reconnection (Burch et al. 2015, this issue) . This objective is challenging experimentally because (1) highly accurate particle and field measurements must be made at extremely high sampling rates by four spacecraft and (2) the reconnection diffusion region is seldom encountered by spacecraft because of its minuscule scale size: the widths of the ion and electron diffusion regions perpendicular to the current sheet normal, which scale as the ion and electron inertial lengths, are of the order of 50 km and 1 km, respectively, at the magnetopause, and 2000 km and 50 km, respectively, in the magnetotail.
The success of the MMS mission thus depends critically on the optimization of the mission design so that the chance of diffusion region encounters is maximized. Furthermore, MMS must be able to capture particle and fields observations during each encounter with sufficient temporal resolution and accuracy so that the fundamental physical processes are revealed. To ensure success, it must be established during the mission design phase (1) where at the magnetopause and in the magnetotail one has the best chance of encountering the diffusion region, (2) how best to identify the ion and electron diffusion regions at the magnetopause and in the magnetotail, and (3) how best to evaluate, reduce and transmit burst data to the ground.
The MMS instrument capabilities are described in various chapters in this book, while the design of the MMS orbits to maximize the chance of diffusion region encounters is described by Fuselier et al. (2015, this issue) . The present chapter describes the efforts by our InterDisciplinary Scientist (IDS) team to (a) establish the contexts for reconnection diffusion region encounters that would help the identification of diffusion regions in spacecraft data (Section 2), and (b) devise possible strategies for capturing and transmitting burst data of diffusion region candidates (Section 3).
Contexts for Diffusion Region Encounters
There are different approaches to determining whether a spacecraft has encountered the diffusion region or not. One approach is to identify the diffusion region based on theoretically expected kinetic signatures of diffusion region processes (e.g., Zenitani et al. 2012) . The inter-comparison between theory and observations will be an important element in the analysis of MMS data to determine the key diffusion region processes. However, using such an approach alone to identify the diffusion regions could potentially bias the observations toward the existing theoretical models of reconnection, rather than gathering an unbiased sample of all the possible types of diffusion regions that may exist. An alternative or complementary approach is to identify diffusion region candidates by their large-scale context, e.g., the properties of the region surrounding the ion and electron diffusion regions. Such a scheme is likely to have a better chance of capturing an unbiased sample of diffusion regions, and provides consistency checks for the interpretation of diffusion region encounters based on observed and predicted kinetic signatures.
Another advantage with establishing the large-scale context is that, as will be described in Section 3, part of the procedure by which diffusion region candidates will be identified involves decisions made on the ground by a scientist-in-the-loop (SITL) in near real time based on transmitted low-resolution plasma and field survey data (Fuselier et al. 2015, this issue) .
Such data does not have the required accuracy and resolution for examining the kinetic signatures of reconnection, but it should be adequate for establishing the large-scale contexts of diffusion region encounters. We now discuss the expected large-scale contexts for reconnection in magnetotail and magnetopause current sheets which have different boundary conditions in terms of inflow asymmetries as well as the size of the guide field (or magnetic shear angle). We will also discuss the distinction between X-line and O-line (i.e., flux rope) encounters.
Magnetotail
While technically it is possible for a spacecraft to encounter the diffusion region from any direction, a majority of the diffusion region encounters reported in the Near-Earth magnetotail have been associated with the tailward motion of an X-line past the spacecraft (e.g., Runov et al. 2003; Borg et al. 2005; Chen et al. 2008a; Eastwood et al. 2010a Eastwood et al. , 2010b , i.e. the spacecraft crossed the diffusion region along the outflow direction, observing both exhausts.
Near-Earth magnetotail reconnection involves essentially symmetric inflow plasma and field conditions with a small (<20 %) guide field. If a spacecraft flies through the ion diffusion region along the outflow direction, the expected large-scale signatures would be a reversal of plasma jetting, accompanied by a reversal of the normal component of the magnetic field. Coinciding with these reversals, one would also expect to detect portions of the quadrupolar out-of-plane Hall magnetic field (e.g., Oieroset et al. 2001; Runov et al. 2003; Borg et al. 2005; Eastwood et al. 2010a Eastwood et al. , 2010b ) and bi-polar Hall electric field (Wygant et al. 2005; Borg et al. 2005; . Figure 1 displays an example of reported ion diffusion crossing by the Cluster spacecraft (Borg et al. 2005) indicated by the reversals of the reconnection jets ( Fig. 1(c) ) and normal magnetic field ( Fig. 1(h) ). The out-of-plane magnetic field B y pattern ( Fig. 1(m) ) is consistent with the predicted quadrupolar Hall field ( Fig. 1(l) ) (e.g., Sonnerup 1979) , while the normal electric field E z pattern ( Fig. 1(n) ), with E z < 0 for B x > 0 and E z > 0 for B x < 0, is consistent with the predicted converging Hall electric field structure ( Fig. 1(l) ) (e.g., .
If a spacecraft encounters the neutral sheet (where the reconnecting field vanishes) during the flow reversal, it could indicate that the spacecraft is in the vicinity of the electron diffusion region. According to current theories of symmetric reconnection with small guide field (application to near-Earth magnetotail), the inner electron diffusion region is characterized by a large out-of-plane current centered around the electron jet reversal (e.g., Hesse et al. 1999) . The panels of Fig. 2 show an example of the expected flow signatures around the electron diffusion region in kinetic simulations. A horizontal cut through the diffusion region at the mid-plane (z = 0) shows ion and electron outflow jet reversals (panel b), as well as a large into-the-plane electron jet co-located with the jet reversals implying a strong out-of-plane current in the electron diffusion region.
Because the inner electron diffusion region is so small, there have been few reports of encounters with this region. Chen et al. (2008a) , with guidance from kinetic simulations, reported the encounter by the Cluster spacecraft of a thin (electron-scale) current sheet in the vicinity of an X-line. More recently, Nagai et al. (2011 and Zenitani et al. (2012) reported a fortuitous encounter with the electron diffusion region in the Earth's magnetotail. In addition to observing the reversals of the ion and electron outflow velocity expected in the vicinity of the diffusion region, Geotail detected a strong into-the-plane electron jet right around the jet reversal, a key predicted characteristic of the inner electron diffusion region Hesse et al. 1999) . However, the temporal resolution of the Geotail plasma instrument was 12 seconds, thus only two particle distributions were collected by Geotail in the vicinity of the electron diffusion region. MMS will have much higher resolution measurements, and will be able to resolve the electron diffusion region in the magnetotail in much more detail.
It is more difficult to identify the electron diffusion region in cases where the spacecraft crossing is normal to the current sheet because no reversals of the outflow jets and normal field would occur that could help indicate the proximity of the spacecraft to the X-line. Furthermore, the Hall B y and E z (in GSM coordinates) extend some distance downstream of the ion diffusion region (e.g., ), thus their detection , respectively. The initial configuration in the system is such that the inflow reconnecting magnetic field is B 0 and the inflowing density is n 0 . Figure adapted from Shay et al. (1999) does not necessarily imply that the spacecraft is in the ion diffusion region. To recognize a candidate diffusion region encounter one needs to rely on other predicted signatures such as the presence of strong field-aligned temperature anisotropy in the inflow region (e.g., Swisdak et al. 2005; Chen et al. 2008a; Egedal et al. 2010) , or a strong out-of-the-plane current/an extremely thin (electron skin depth-scale) current sheet at the neutral sheet.
The challenges associated with the identification of the diffusion region when the crossing is normal to the current sheet can be alleviated by multi-spacecraft observations. If the inner electron diffusion region is as short (along the outflow direction) as predicted, there is a good chance that there will be spacecraft on opposite sides of the X-line and the presence of the X-line could be deduced by the detection of diverging electron jets. Fig. 2 . In the simulation, with the two inflow regions labeled "1" and "2", the initial inflow conditions in code normalizations are B 1 = 1.0, B 2 = 2.0, n 1 = 1.0, n 2 = 0.1, T e 1 = 0.67, T e 2 = 1.67, T i 1 = 1.33, T i 2 = 3.33. Note that this run is nearly identical to run 1 from Table I of Malakit et al. (2013) , except the simulation domain size is 102.4d i 0 by 51.2d i 0 . Figure adapted from Malakit et al. (2013) 
Magnetopause
In contrast to magnetotail reconnection which generally has almost symmetric inflow conditions and a small guide field, reconnection at the magnetopause usually involves highly asymmetric inflow density and magnetic field conditions (with the exception of a nearly symmetric event reported by Mozer et al. (2002) ), and typically there is a substantial guide field. At the magnetopause spacecraft crossings of the diffusion region can occur either along the outflow direction (e.g., Retinò et al. 2005) or normal to the current sheet (e.g., Mozer et al. 2002) . For spacecraft crossings of the diffusion region along the outflow direction (e.g., Retinò et al. 2005) , some of the large-scale signatures, namely the reversals of outflow jets ( Fig. 3(a) ) and normal magnetic field, are similar to those described above for symmetric reconnection in the magnetotail.
It is more challenging to recognize a diffusion region crossing of asymmetric reconnection if the crossing is normal to the current sheet as many of the signatures that one normally would associate with the diffusion region also occur downstream of the X-line. For example, since the Hall magnetic field pattern is bipolar in asymmetric reconnection rather than quadrupolar, an ion diffusion region crossing normal to the current sheet would detect a monopolar out-of-plane magnetic field ( Fig. 3(b) ) (e.g., Tanaka et al. 2008 ). However, a crossing of the reconnection exhaust far downstream of the diffusion would also detect a monopolar out-of-plane magnetic field as part of the MHD rotational discontinuity that characterizes the reconnecting magnetopause (e.g., Levy et al. 1964; Sonnerup et al. 1981) .
Furthermore, the violation of the ion frozen-in condition does not appear to be a clear indicator of the proximity to the X-line since this condition is violated all along the magnetospheric separatrix ( Fig. 3(d) ). Thus to distinguish between crossings of the diffusion region itself, versus crossings of the exhaust far downstream, one needs to identify plasma and field properties unique to the diffusion region or to its surroundings. For example, possible signatures of the electron diffusion region include theoretical predictions of enhanced dissipation (Zenitani et al. 2012) or non-gyrotropic electron distributions (e.g., Scudder et al. 2012; Aunai et al. 2013 ). Some of these features (e.g., non-gyrotropic electrons), however, also seem to extend far downstream of the diffusion region (e.g., Aunai et al. 2013) . Furthermore, these parameters are difficult to measure accurately and will require substantial calibrations before they can be used.
A complementary approach is to examine the large-scale context of the region around the asymmetric reconnection diffusion region. For example, Malakit et al. (2013) predicted the presence of an earthward pointing "Larmor electric field" in the low-density (magnetospheric) inflow region that only appears within ∼ 20 ion skin depths downstream of the X-line in their particle-in-cell simulations. The exact downstream extent of the Larmor electric field region could depend on the inflow parameters as well as the ion-to-electron mass ratio used in the simulation. While this electric field is not associated with electron physics in the diffusion region, it could provide the context for diffusion region crossings when the trajectory is normal to the magnetopause current sheet. Under typical ion temperature and magnetic field conditions in the magnetosheath (T i ∼ 200 eV, B ∼ 20 nT) and magnetosphere (T i ∼ 2 keV, B ∼ 50 nT), this field has been estimated to be ∼ 20 mV/m, while the width (along the current normal) of the region is approximately twice the magnetospheric ion gyroradius, or ∼ 120 km and should be measureable by MMS (Malakit et al. 2013) .
Another feature that could be indicative of the proximity to the X-line is the enhancement of the electron temperature anisotropy in the magnetospheric inflow region (Fig. 3(e) ), in the same region where the Larmor electric field appears. This is different from the temperature anisotropy enhancements seen downstream of the X-line which is located inside the exhaust near its magnetospheric edge.
Finally, near the X-line the current layers associated with the ion and electron diffusion regions are expected to be of ion and electron skin depth scales, respectively. The exhaust width expands with increasing distance from the X-line. Thus with the accurate determination of the current sheet width using closely spaced multi-point MMS measurements, it should be possible to deduce whether the spacecraft are close to the X-line or not.
Contrasting Reconnection X-Lines and O-Lines (Flux Rope) Signatures
In studies of reconnection, correlated reversals in the reconnection jets and normal magnetic field are widely considered to be the signature of the passage of a reconnection X-line, both at the dayside magnetopause and in the magnetotail. This signature has been used in many studies to identify diffusion region encounters, and also in developing statistics that are used to characterize the average location of reconnection sites in the magnetotail. However, multispacecraft studies in the magnetotail (e.g., Eastwood et al. 2005) and at the magnetopause (e.g., Hasegawa et al. 2010; ) have shown that this signature alone can be misleading. Signatures that conventionally would be interpreted as a single X-line moving in one direction could in fact be an O-line (at the center of a flux rope bounded by two active X-lines) moving in the opposite direction. Multi-spacecraft observations, however, can help distinguish between X-line and O-line encounters. Figure 4 shows an example observed by three THEMIS spacecraft at the magnetopause . The sketch (Panel g) depicts the observed flux rope with the spacecraft trajectories marked. On October 6, 2010 at ∼15:00-16:00 UT the THEMIS A (THA), THEMIS E (THE), and THEMIS D (THD) spacecraft traversed the dayside subsolar magnetopause on an outbound pass. THA and THE were located at the same meridian at 12.6 Magnetic Local Time (MLT), with a Z GSM separation of 0.174R E (1107 km). THD was located slightly duskward at 12.8 (MLT), 0.0874R E (557 km) northward of THE. The spacecraft data is presented in the magnetopause current sheet coordinate system, with x along the current sheet normal (toward the Sun), y along the X-line (toward dusk) and z along the reconnection outflow direction (toward north). This coordinate system is close to the usual GSM coordinate system. At ∼ 16:00 UT all three spacecraft observed the reconnection outflow jet (V z ) reversal (Panel d) during the current sheet crossing indicated by the B z gradient (Panel a).
The negative to positive V z reversal observed by the three spacecraft could be due to either an X-line moving south, in the −z direction, or a flux rope, flanked by 2 active X-lines, moving north, in the +z direction. With spacecraft separated in the z direction, one could conclusively distinguish between these two scenarios. In the former (X-line) scenario, the northern-most spacecraft (THD) would detect the flow reversal first, followed by THE and THA. In the latter (flux rope) scenario, THD would observe the flow reversal last. Panel d shows that the flow reversal was first detected by THA, followed by THE and then THD, which implies a northward moving structure. Furthermore, the out-of-plane magnetic field B y (Panel b) was strongly enhanced, especially at THD and THE, in the vicinity of the flow reversal region, which is typical of flux ropes. In other words, the northward moving structure was a flux rope (O-line) with a strong core field instead of a southward moving X-line.
With the availability of multi-point MMS measurements, using similar analyses as the one described above one will be able to reliably distinguish between X-line and O-line encounters.
Strategies for Capturing and Transmitting Burst Data in the Diffusion Region
The success of the MMS mission in solving the microphysics of reconnection depends critically on the ability of the mission to return the highest resolution data in the reconnection diffusion region. Because of the minuscule size of the diffusion region, the total number of diffusion regions encountered by the MMS spacecraft will be small during its mission; it is estimated that there will be 63 magnetopause ion diffusion region encounters during the two dayside seasons (Griffiths et al. 2011; Fuselier et al. 2015, this issue) , and ∼ 7 ion diffusion region encounters in the magnetotail during the single nominal mission tail season (Genestreti et al. 2013) . Since many events (for various boundary conditions) are required to provide science closure, the MMS burst triggers need to be able to capture close to all of the diffusion regions encountered by the spacecraft. Such a requirement on a mission is unprecedented, considering the fact that only a small fraction (∼ 20 minutes per day or ∼ 2 %) of the high-resolution data collected over an orbit can be transmitted to ground. This poses significant challenges for the MMS mission because the transmitted burst data needs to contain the occasional diffusion region encounters. Consequently, the burst data capture scheme must be extremely robust. MMS will implement an automated burst trigger scheme to identify candidate diffusion regions, complemented by a scheme which involves a Scientist-In-The-Loop (SITL) who will serve to verify and improve the burst data selections. Once the diffusion region candidates are identified, the next challenge is to transmit all of them to ground. To accomplish the latter, MMS will have a 96 Gigabyte onboard memory that allows the collection of burst data continuously through several orbits. Summary data, such as lower-resolution plasma moments and fields, are transmitted to ground each orbit, and are used by the SITL to hand pick diffusion region candidates to be transmitted at the high data rate during subsequent orbit(s). Automated burst trigger algorithms play a significant role in such a system since they provide candidate events that the SITL can verify, optimize, and approve. Such a combined scheme would ensure that 100 % of the transmitted burst data are of prime science interest, and that decisions can be made by the SITL in as efficient manner as possible in what may be a time-constrained situation. In the following sections, we will describe how the burst system could work for the magnetopause and magnetotail.
Magnetopause
Capturing All Magnetopause Crossings One could attempt to capture diffusion region crossings based on the expected large-scale contexts (e.g., flow and normal field reversals, or the presence of the Larmor electric field in the inflow region) described in Sect. 2. However, there is a simpler approach for the magnetopause: since reconnection occurs in magnetopause current sheets, if burst data from all magnetopause crossings can be transmitted, no diffusion regions encountered by the spacecraft would be missed. The advantage of this approach is that one does not rely on predicted kinetic or even large-scale signatures of the diffusion region, thus one is not biased toward a certain theory/model. Furthermore, magnetopause crossings are easily captured by automated algorithms or by the SITL based on low-resolution survey data. The feasibility of the approach of transmitting all magnetopause burst data, however, depends on the volume of magnetopause data, which in turn depends on the number of MMS magnetopause crossings and their durations. We now estimate these numbers based on data from the THEMIS mission.
Expected MMS Burst Data Volume and Data Storing Schemes
To better understand MMS' likely observations, we examine the THEMIS 2009 dayside season. In particular, we focus on two of the THEMIS probes: at this time THEMIS-D had a 12R E apogee orbit with sidereal period, hence identical to the orbit proposed for MMS dayside phase, and THEMIS-A had a apogee of 13R E which is being considered for the later part of the MMS second dayside season. Figure 5 shows an example of 10 complete magnetopause crossings during a single THEMIS-D dayside orbit. The magnetopause crossings are characterized by density gradients (Panel b) and magnetic field rotations (Panel d). Figure 5 illustrates a key issue which is that because of boundary motion, there can be numerous magnetopause crossings on any particular orbit.
Figures 6 and 7 show the distribution of magnetopause crossings by THEMIS-D and THEMIS-A, respectively, over a period of 6 months as the spacecraft orbits precessed from Dusk to Dawn, through the subsolar region. Panel a of each figure shows that the number of crossings per day varied significantly from one day to the next; some days had more than 30 crossings while others had none. The total number of magnetopause crossings by THEMIS-D was 917, versus 1379 crossings for THEMIS-A. Thus the higher apogee spacecraft had more magnetopause crossings. This is expected because while the nominal magnetopause distance at the subsolar point is ∼ 10-12R E , it expands towards 15R E near the terminators. Therefore with its apogee of 13R E THEMIS-A has additional opportunities of magnetopause encounters further away from noon as compared to THEMIS-D. Panel c of each figure shows the number of crossings as a function of local time. As expected, the spacecraft with 13-R E apogee (THEMIS E) had more flank (away from 12 MLT) magnetopause crossings than the spacecraft with 12-R E apogee (THEMIS-D). Also, as expected, the lower apogee spacecraft had more subsolar magnetopause crossings.
In terms of magnetopause data volume, what is more important to know is the total duration of magnetopause crossings per day. In our survey, the time interval (duration) of each complete magnetopause encompasses the full magnetic field rotation and density gradient across the magnetopause, in addition to short intervals of the adjacent magnetosheath and magnetosphere. The durations of magnetopause crossings vary from case to case and are Figs. 6 and 7 shows the total duration of magnetopause crossings per day. Some days had durations of more than 70 minutes, greatly exceeding the daily average amount (∼ 20 minutes) of burst data than can be transmitted, while other days were well below the 20-min limit. To be able to transmit all the magnetopause burst data, each MMS spacecraft will in fact be able to store in its entirety 2-4 days worth of all the highest resolution data. Consequently, if there are too many magnetopause encounters on a particular day, these data can be stored and transmitted on subsequent days. However, because there are consecutive days when the total amount of magnetopause data far exceeds 20 minutes, storing 2-4 days of full orbit data still would not allow the transmission of all magnetopause crossings. Thus, the planned strategy (Fuselier et al. 2015 , this issue) is to allocate a portion of the 96GB memory to storing shorter data intervals containing magnetopause intervals over a period of several weeks to ensure that all magnetopause data can be transmitted during a later stage The total duration of all magnetopause intervals for THEMIS D over a 6-months dayside season in 2008 was 1640 minutes, and 2775 minutes for THEMIS A. These numbers compare favorably to the nominal 3600 minutes of burst data that can be transmitted during the 6-month period, indicating that in principle, burst data of all complete magnetopause crossings can be transmitted to ground using the scheme described above.
Magnetotail
Reconnection-Associated Phenomena in the Magnetotail In addition to diffusion region physics, of interest are kinetic physics in reconnection exhausts (bursty bulk flows), exhaust boundaries and separatrices, and reconnection jet fronts (also called "dipolarization fronts") (e.g., Nakamura et al. 2002; Runov et al. 2009 ) which may be important sites for particle energization . The planned MMS orbit is such that during the first science tail season (phase 1x), the apogee will be 12R E , with the apogee being raised to 25R E for the second science tail season (phase 2b) (Fuselier et al. 2015, this issue) . Consequently, reconnection jet fronts will be the primary target of MMS during the first sci- Fig. 7 Statistical survey of all complete magnetopause crossings by THEMIS-A which had a 13-R E apogee in 2009. The format is the same as in Fig. 6 . Because of its higher apogee, THEMIS-A had ∼30 % more magnetopause crossings than THEMIS-D, with more crossings occurring 2 hours (in MLT) away from the subsolar point ence tail season, with the diffusion region itself of more importance in the second science tail season.
It would be ideal if one could transmit burst data for all these phenomena similar to the magnetopause case. However, as we shall describe below, the volume of burst data associated with all these reconnection phenomena together is expected to exceed the total telemetry capacity (3600 minutes of burst data per 6 months tail season). Thus it will be necessary to prioritize which events are of primary interest. Based on our survey of THEMIS magnetotail data, the data volumes corresponding to diffusion region candidates, jet fronts, and exhaust boundaries are relatively small so that all such data can be transmitted. On the other hand, less than 50 % of all reconnection exhaust (bursty bulk flow) burst data can be transmitted. But since exhaust encounters are abundant, capturing a representative fraction of such events should be sufficient.
Diffusion Region Candidates
Because reconnection in the near-Earth magnetotail is highly bursty and short-lived (typically lasting ∼ 10-20 minutes) (e.g., Baumjohann et al. 1990; Angelopoulos et al. 1992 Angelopoulos et al. , 1994 , the chance of a spacecraft crossing the diffusion region is low. A survey of THEMIS-B data from the 2009 tail season, when its orbit apogee was ∼ 30R E , found a total of 14 obvious ion diffusion region candidates over a tail season. These candidates were identified by tailward to earthward flow reversal and concurrent negative to positive B z reversals (see example in Figs. 8(j), (k)) that are most likely associated the (d) and (j) ion velocity in GSE, (e) and (k) magnetic field in GSE, (f) and (l) quality value Q B z based on gradients in 3-s resolution B z , (g) and (m) quality value Q N based on gradients in 3-s resolution plasma density. Q B z is enhanced at the jet front as well as the in the vicinity of the candidate X-line tailward retreat of the X-line (see also Eastwood et al. 2010b) . While these signatures could be due to earthward moving flux rope as discussed in Sect. 2.3, such a scenario is probably less likely because the dominant reconnection X-lines and O-lines in the near-Earth magnetotail should be moving tailward because of the higher downstream pressure on the earthward side of the X-line (e.g., Oka et al. 2011) . The THEMIS-B data in our survey was taken in 2009 during solar minimum. It is possible that MMS will encounter more diffusion regions during solar maximum (Nagai et al. 2005) . But even if we double the number of estimated magnetotail diffusion region candidates to 30, with each event lasting on average 30 minutes (which includes not only the diffusion region but also the exhausts on both sides of the X-line) all the burst data of can be transmitted to ground during a 6-month tail season, with 75 % of the telemetry still available for capturing other phenomena.
Our survey does not include events in which the spacecraft crosses the diffusion region along the current sheet normal but staying on one side of the X-line during the crossing.
Such events would not show correlated plasma jet and normal magnetic field reversals. In the magnetotail, such events are likely to be less common than flow reversal events because of the tendency for the X-line to retreat tailward such that flow reversals most likely occur when spacecraft encounters the diffusion region.
Reconnection Jet Fronts
In contrast to the rarity of diffusion region crossings, there are usually multiple spacecraft encounters with the reconnection exhaust jets and the jet fronts every orbit. The jet front is characterized by a sudden and sharp increase of the normal magnetic field component B z lasting typically <30 s, followed by the full jet (see Fig. 8(d) and (e) for an example). Our survey of data from THEMIS-D, which had an apogee of 12R E similar to MMS apogee during mission phase 1x, found ∼ 110 jet fronts in the 2009 magnetotail season. Since MMS will be at higher distances from the neutral sheet in phase 1x, it will be observing the field aligned flows and active boundary layer beams related to the approaching reconnection jets (Zhou et al. 2012) , rather than the jet fronts at the neutral sheet. These field aligned flows and beams are expected to have similar occurrence rates as the reconnection jets themselves. Lower occurrence rates (by a factor of 4) of reconnection jets are observed near the phase 2b MMS apogee in the tail, at ∼ 25R E (Liu et al. 2013 ; Fig. 2(c) ). If one were to collect burst data only at the front of the jet where the sharpest gradients occur, the total duration of burst data for the 2009 THEMIS tail season would be ∼ 55 minutes, well within the telemetry capacity over a full tail season.
Exhaust Boundaries/Separatrices
The exhaust boundaries are of interest because of the possible presence of slow shocks there that could energize particles (e.g., Feldman et al. 1985; Saito et al. 1998) , and kinetic Alfven wave physics that is associated with enhanced Poynting flux and super-Alfvenic signal propagation . Because these boundaries are sharp (thus their crossing durations are short), their associated burst data can all be transmitted to ground.
Full Reconnection Jets (Also Called Bursty Bulk Flows)
Behind the jet front is the full plasma jet that typically lasts 10-20 minutes. If 400 jets are detected as was the case for the THEMIS-B 2009 tail season, the amount of full jet data (up to 8000 minutes) would exceed the telemetry capability by more than a factor of two. Thus prioritization of such events will be needed. A possible consideration is to emphasize events with the largest energy conversions as indicated by high levels of energetic particle fluxes or high flow speeds. Another possible emphasis is on events that display multiple rapid magnetic dipolarizations that are embedded within bursty bulk flows. Such events have been found to dominate flux transport in the magnetotail (Liu et al. 2014 ) and correlate with particle acceleration and heating (Gabrielse et al. 2014) , as well as intense energy conversion ).
Automated Burst Trigger Schemes
One of the key components of the burst data management scheme is the implementation of automated burst trigger algorithms designed to capture the magnetopause current sheet on the dayside and reconnection-related phenomena on the night side. The automatic selection of burst intervals will be validated or adjusted using low-resolution survey data by the Scientist-In-The-Loop (SITL). In this section we describe some examples of the schemes that are being tested for MMS and their performance based on test (THEMIS) data. Some of these schemes have been used by the THEMIS and Wind missions to capture essentially the same reconnection phenomena and they could be further optimized for MMS.
The magnetopause is characterized by a spatial gradient in the density and rotation of the magnetic field, while bursty reconnection in the tail leads to sudden changes in the flow and fields as well as enhancements of the plasma wave activities. Spatial gradients and temporal variations both manifest themselves as rapid variations of plasma and field parameters observed by a spacecraft. A simple gradient-based trigger algorithm used by the Wind and THEMIS missions is now described. The rating of the "Quality" (Q) factor of these large variations is based on the following formula: Q = |data − smoothed_data| where smoothed_data j +1 = (smoothed_data j (2 M − 1) + data j )/2 M , and M is an adjustable parameter that controls the degree of data smoothing. On Wind and THEMIS, M is set to 2 when the formula is applied to 3-s resolution data. This algorithm has been successfully used to capture the magnetopause on the dayside (e.g., Phan et al. , 2013 and bursty bulk flows (e.g., Raj et al. 2002) , diffusion region candidates (Angelopoulos et al. 2008; Oka et al. 2011 ) and reconnection jet fronts (e.g., Runov et al. 2009 ) in the magnetotail. We now describe the operation of the trigger algorithm at the magnetopause and in the tail with some THEMIS examples. Figure 5 shows an example of the operation of triggers based on the density and magnetic field B z gradients at the multiple crossings of the magnetopause. The magnetopause crossings are recognized by magnetic field rotation from B z < 0 in the magnetosheath to B z > 0 in the magnetosphere (Panel d) and density gradients (Panel b) . Panels e and f display the Quality values Q Bz and Q N computed using the formula above on the magnetic field component B z (in GSM coordinates) and on plasma density using 3-s resolution data, respectively. It is seen that both Q Bz and Q N are enhanced at all magnetopause crossings, including a diffusion region candidate at ∼ 21:41 UT. The locations of the peak Q Bz and Q N differ slightly; with Q Bz peaking at the outer (magnetosheath) side of the magnetopause where the field rotation is largest, whereas Q N tends to peak at the magnetospheric edge of the magnetopause where the density gradient is largest. These examples suggest that the magnetopause can be captured using a combination of density and B z triggers to ensure that the entire magnetopause interval is captured. Furthermore, the MMS scientist in the loop (SITL) will be able to examine the survey data, together with the computed trigger quality values to optimize the burst data intervals.
Dayside Magnetopause
We have also found that plasma wave activity is usually enhanced in the magnetopause (compared to the magnetosphere). However, because the wave power is also typically enhanced in the magnetosheath, a burst trigger based on the intensity of wave activities does not work as well.
Magnetotail
Although the physics at the X-line, in the exhaust or at its boundaries in bursty magnetotail reconnection might be different, a common signature detected by a spacecraft of these phenomena is the sudden enhancement of the magnetic field fluctuations (indicative of active current sheets) compared to the magnetic field condition in the quiet magnetotail current sheet before the onset of reconnection. Testing the various trigger algorithms on THEMIS we found that the gradient-based burst trigger using 3-s resolution magnetic field B GSM,z works quite well to capture most reconnection-related phenomena, although other parameters such as wave power could also be used.
Figure 8(h)-(m) show 5 hours of THEMIS-B observations around a diffusion region candidate when the spacecraft was at its apogee, ∼ 30R E behind the Earth. The possible crossing of tailward retreating X-line is evidenced by the tailward to earthward V x flow reversal and predominantly negative to positive B z reversal. Figure 8(l) show that Q Bz was enhanced throughout the plasma jetting interval (∼04:00-05:15 UT), with the largest enhancement being close to the flow reversal (at ∼ 04:10 UT). This also means that an extended interval where Q Bz is enhanced could be used as a guide to identify the duration of the burst mode interval that must be transmitted to the ground.
On THEMIS we have also found that the same B z trigger can reliably capture reconnection jet fronts and the full jet as well. Figure 8(b)-(g) shows an example of a reconnection jet and its front at ∼ 04:05 UT. Q Bz was strongly enhanced at the jet front as well as in the plasma jet behind it.
Finally, it is noted that a trigger based on gradients in B x would work equally well (not shown), thus either B x or B z , or a combination of the two, could be used as a trigger parameter in the magnetotail to capture active current sheets.
Summary and Conclusions
The success of the MMS mission in understanding the microphysics of magnetic reconnection depends on its ability to return the highest resolution measurements of the minuscule reconnection diffusion region. The present paper describes the efforts by our Inter-Disciplinary Scientist (IDS) team to (a) establish the large-scale contexts for reconnection diffusion region encounters that would help the identification of diffusion regions in spacecraft data, and (b) devise possible strategies for capturing and transmitting burst data of all diffusion region candidates, in addition to data in the reconnection exhaust and its boundaries. Based on our experience with THEMIS observations, it is estimated that burst data from all MMS magnetopause crossings can be transmitted to ground such that no magnetopause reconnection diffusion regions or exhausts encountered by the spacecraft will be missed. In the magnetotail where the data volume of all reconnection related phenomena exceed telemetry capabilities, our survey of THEMIS data suggests that MMS will still be able to transmit burst data of all encounters with the diffusion regions, reconnection jet fronts, and separatrices, but less than 50 % of the encounters with full reconnection jets.
With the knowledge of the properties of the region surrounding the diffusion region and the combination of automated burst triggers and further optimization by the Scientist-InThe-Loop, MMS should be able to capture most diffusion regions it encounters and achieve its prime science objectives.
